The work function of metallic thin films limited by symmetric surfaces is expected to be thickness dependent at a level of 0.1 eV and a thickness range of about 5 nm. Recent experiments, however, demonstrated that Cu films on glass or Ni substrates show a long ranging (10-20 nm) increase of the work function with increasing film thickness [1]. This effect was attributed to a violation of local charge neutrality in films with unlike surfaces. In this paper we show that the barrier height of thin film diodes like metal-insulator-metal (MIM)-, metal-semiconductor (Schottky contacts)-and metal-vacuum-metal (Kelvin capacitors) structures decreases with increasing thickness of one metal electrode. This metal electrode consists of a double layer whose single layer thicknesses are of the order of few tens of nm. The observed effect can be attributed to a decrease of the work function at the counter limiting interface not exposed to the evaporation beam. A possible explanation can be found again in the violation of the local charge neutrality in films with unlike surfaces.
Introduction
The work function at the right (r)-or lefthand (1) boundary of a thin metallic film can be expressed by: 9 (r, 0=q,~(r, 0-eF (2)
where qoo~ (r, 1) are the corresponding vacuum potentials and Ev is the Fermi level. For symmetrically bounded films one obtains (p~(r)=q~oo(1). For this case a possible thickness dependence of the Fermi level has been intensively discussed in the literature [24] . Commonly the related wave vector kv is expressed by: On the other hand in [4] has been argued that an a priori assumption of local charge neutrality in the middle of a sufficiently thin film seems to be not justified.
The problem of local charge neutrality in the mid- For unsymmetrically bounded and sufficiently thin films it seems to be even more suspicious to assume the existence of a bulk like region in the middle of the film. A more pronounced thickness dependence of ~b therefore can be expected.
Real thin films usually are supported by a substrate, i.e. they are limited by two distinct and different interfaces. Experimentally available films therefore always correspond to unsymmetric systems. Additional unsymmetry can be produced by unsymmetric potential wells due to an adsorbate layer at one film interface or by a double layer metallic film with different charge densities.
The problem of films with unsymmetric surfaces seems to be not yet understood both from theoretical and experimental point of view.
Recently a long ranging (l/d) dependence of the work function at the film-vacuum interface (exposed to the evaporation beam) of Cu films on Corning glass was described in [1] . The increase of the work function with increasing film thickness was at a level of 0.1~).2 eV according to the theoretical expectations. This effect was discussed in terms of a violation of local charge neutrality in films with unlike surfaces.
Moreover a clear increase of the work function with increasing film thickness was observed for Cu films supported by 100 nm thick Ni films [1] . These films, however, show a thickness dependent work function only in the presence of an adsorbate layer at the Cu-Ni interface, i.e. for a highly unsymmetric thin film system.
In contrast with [1] this paper deals with the work function at the counter limiting boundary (not exposed to the evaporation beam) of double layered films with an adsorbate separation layer between the stacked metal layers. The thickness of the metallic support (basic layer), however, now was varied between 8 and 60 nm. In this case the limiting boundaries of the double layer may start to interact.
This system now is more complicated than the single layer case: If the (highly unsymmetric) coating layer shows a long ranging thickness dependent work function, a (l/d) violation of the local charge neutrality for this part of the double layer can be suspected. This, however, will cause thickness dependent matching conditions at the separation between basic and coating layer. In turn, even at the counter boundary of the basic layer, a corresponding long ranging thickness dependence of the work function can be expected as long as the thickness of this basic layer does not exceed the range of the charge density perturbations.
In this paper systematic investigations of the thickness dependent work function at this limiting boundary (not exposed to the evaporation beam) of a double layer metallic film are discussed. The experiments were performed with measurements of the barrier height to a massive electrode (reference electrode) using metal-insulator-metal (MIM) diodes, Schottky contacts and vibrating capacitors as "work function detectors".
Experimental results
As already mentioned, the aim of the experiments is the measurement of the work function of a double layer at the external boundary of the basic layer as a function of the increasing thickness of the coating layer.
For this purpose the barrier height between the basic layer and a reference electrode was measured as a function of the thickness of the coating layer in three independent experiments.
The main advantage of this approach is clear: If trivial (interfacial) effects can be excluded, any effects in the work function at the counter boundary, not exposed to the evaporation beam, of a double layer will be only due to the increasing thickness (d) of the cover layer. Effects arising from structural changes of the film surface during the film growth are therefore excluded.
A. Metal-Insulator-Metal (M I M) diodes
In the simple case of a trapezoidal potential barrier (not biased) [5] , the barrier height (~) between the reference electrode (1) and the basic layer (2) (see Fig. 1 a and b ) is given by:
with 9 1 -the work function of the reference electrode which is expected to be constant, ~2 (d) -the work function of the double layer at the basic layer-insulator interface and ~i,, -the correction due to image forces.
The tunnelling conductivity is expressed by the following complex relation [6]:
G(U) = (d/d U) ((2 e/h) ~f d E. ~, (E) ~2 (E + e U)
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0 where E is the energy, U the bias voltage, f the Fermi distribution, ~t, ~z the densities of states in the two electrodes and T the transmission of the potential barrier (_1_ denotes the direction normal to the tunnelling barrier).
